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INTRODUCTION 


Knowledge concerning the freezing temperatures of various kinds 
and varieties of fruits, vegetables, and florists’ stocks is of considerable 
commercial value to persons interested in the growing, shipping, or 
handling of these products. 

The extent of damage due to the freezing of produce in transit 
naturally varies from year to year, but it is usually very heavy, 
agoregating frequently several hundred thousand dollars during a year. 
This in general applies not only to such products as apples and pota- 
toes, most of which are grown in the North and harvested and shipped 
in the late fall and winter, but to products that are grown in the South 

and Southwest during the winter and shipped to northern markets. 
9 = This latter group includes citrus fruits, strawberries, tomatoes, lettuce, 
string beans, cabbage, cauliflower, eggplant, ete. Cars of these food 
products often leave the shipping point under refrigeration and in 24 
to 36 hours may pass into a zone of freezing temperatures. As they 
approach the more northern markets they may be exposed to tempera- 
tures several degrees below the freezing point of the commodity. 
Under certain conditions when harvested in warm weather some of 


1 This circular is a revision of and supersedes Department Bulletin 1133, The Freezing Temperatures of 
Some Fruits, Vegetables, and Cut Flowers. 
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these products are precooled—that is, rapidly cooled to a refrigerating 
temperature, either immediately before or directly after they are 
placed in the car for shipment, in order to delay maturity and conse- 
quent deterioration. Where precooling is practiced, it is, of course, 
essential to know the temperatures to which the product can be 
lowered with absolute safety. 

It is also of great importance to the commercial cold-stcrage man 
to know the exact freezing points of the fruits and vegetables that he 
handles. Furthermore, knowledge of the freezing point of a com- 
modity may be of special advantage to the warehouseman in case of 
alleged freezing damage. In some instances established commercial- 
storage practices have been changed after the exact freezing points of 
certain products have been ascertained. In most cases fruits and 
vegetables, other than dried or prepared products, when placed in 
cold storage are alive, and the problem is to keep them alive and 
healthy throughout their storage period.? As various fruits and 
vegetables freeze at different temperatures, there is often more or less 
doubt as to the proper and safe temperatures at which to hold them 
while in transit or in storage. One of the problems in the storage of 
many products is to hold them at a temperature low enough to slow 
down the life processes, in order to prolong their storage life and yet 
not allow them to be damaged by chilling or by actual freezing, either 
of which is likely to injure their keeping qualities or market value. 
For many products the optimum storage temperature is only 1° or 
2° F. above the actual freezing point. In view of the above observa- 
tions and the danger of uneven storage-room temperatures, a safety 
margin of at least 2° above the freezing point should be maintained. 
Of course some products, such as cherries, strawberries, peas, and lima 
beans, may be purposely kept in a frozen condition below freezing 
temperature, but this subject comes under the head of freezing 
storage and will not be discussed here. 

Although it is important to know the freezing point of a com- 
modity, it should be borne in mind that freezing or freezing injury 
does not always occur when the fruits or vegetables are exposed to 
temperatures at or below their true freezing points. This is shown in 
investigations on potatoes, previously reported,’? in which tubers were 
cooled as much as 10° F. below their freezing point without actually 
having become frozen and were again warmed up without apparent 
injury. It is also commonly known that some kinds of products may 
be actually frozen and then thawed out under certain conditions with 
no apparent injurious effects. On the other hand, certain commodi- 
ties, such as tomatoes, bananas, and cucumbers, are definitely injured 
if stored at temperatures many degrees above their actual freezing 
points. This is usually termed chilling injury.‘ It is evident, there- 


2 For a discussion of the reeommended storage conditions for various fruits and vegetables, see RosE, 
DEAN H., WriGcut, R. C.,and WHITEMAN, T. M. THE COMMERCIAL STORAGE OF FRUITS, VEGETABLES, AND 
FLORISTS’ STOCKS. U.S. Dept. Agr. Cir. 278. 

3 WricuT, R. C., and TAaYLor, G. F. FREEZING INJURY TO POTATOES WHEN UNDERCOOLED. U. S. 
Dept. Agr. Bul. 916, 15 pp., illus. 1921. 

4 For a fuller discussion of chilling see WRIGHT, R. C. LOW-TEMPERATURE EFFECTS ON THE PHYSIOLOGY 
OF PLANT ORGANS IN RELATION TO COMMERCIAL STORAGE. Ice and Refrigeration, vol. 97, No. 4, pp. 261 264, 
Oct. 1939. 
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fore, that temperatures just above the freezing point cannot be 
regarded as safe for all types or varieties of fruits and vegetables. 
It is also worthy of note that the freezing point of individuals of the 
same variety grown under different conditions or even under the 
same conditions may vary within a small range, as indicated in the 
tables that follow. Attention i is therefore called to the fact that the 
freezing points given in the following tables should be considered as 
danger points; that is, at or very near these temperatures there is 
danger of injury by freezing if the exposure is for a sufficient length 
of time. 

It has been found in some cases, as has been pointed out, that the 
freezing point of a given variety is likely to vary slightly. These 
variations, however, are probably of more importance in the study 
of the exact causes and results of freezing injury than from the point 
of view of the commercial cold storage and produce man, for a varia- 
tion of a fraction of a degree hardly warrants any change in the 
treatment of the product. 

The determinations of the freezing points of most of the commercial 
varieties of fruits, vegetables, and other plant materials reported here 
have been made by the Bureau of Plant Industry in connection with 
its cold-storage investigations. 

Except where noted, the products reported upon were American 
erown and harvested at the usual state of maturity for commercial 
marketing. The method of determining freezing points has been 
described elsewhere. ° 


FREEZING, POINTS OF FRUITS 


‘Where several varieties of one kind of fruit were investigated the 
results are given separately to allow comparisons between varieties. 
The results are given in table 1. In table 2 these are summarized, 
and in addition there are listed the results of freezing-point determina- 
tions on a number of other fruits where only one representative variety 
of a kind was studied. 


APPLES 


Freezing-point determinations were made on a number of varieties 
of summer or early apples and cf fall and winter varieties, most of the 
eastern-grown varieties being produced on the Arlington Experiment 
Farm, Arlington, Va. The tabulated results by varieties (table 1) 
show considerable varietal differences among both summer and 
winter apples. The average of all summer varieties is practically the 
same as that of winter varieties, the former being 28.4° whereas the 
latter is 28.5° F. There is very little difference shown between the 
freezing points of eastern-grown and western-grown fruit. 

§ Taytor, G. F. SOME IMPROVEMENTS ON THE NEEDLE TYPE THERMOCOUPLE FOR LOW-TEMPERATURE 
work. Jour. Indus. and Engin. Chem. 12, 797-798, illus. 1920. 
WRriGnatT, R. C.,and HARVEY, R. B. THE FREEZING POINT OF POTATOES AS DETERMINED BY THE THERMO- 


ELECTRIC METHOD. U.S. Dept. Agr. Bul. 895, 7 pp., Ulus. 1921. 
Wriacut, R. C., and TayLor, G. F. See footnote 3. 
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TABLE 1.—Average and extreme freezing points of different varieties of certain fruits 


Extremes 4 : Extremes 
Kind, variety, state of matu- | Aver--——{——__ Kind, variety, state of matu- | Aver- 
rity, and place where grown age | wini-| Maxi- rity, and place where grown age | \ini-lw ae 
mum| mum || . mum} mum 
Apples, summer varieties, east- Cranberries: ! ik SEBS dp SIR. 
ern-grown: Cee | Oo vias Searl, Wisconsin_________-_- 2852526 98 = 2884 
Yellow Transparent--___-- Dal Nol oul) E22 Gebhart Beauty, Wisconsin_| 26.3 | 26.0 | 26.9 
RedtAstrachans) aes. 2ee 28.6 | 28.2 | 28.7 Mammoth, Wisconsin ____- 26.7 | 26.4 | 26.9 
Denby Tea oes ee ee ee 29.2 | 28.8-| 29.5 Metallic Bell, Wisconsin__.}| 25.6 | 24.8 | 25.8 
TRL Af phaye ee ee ole 29.6 | 29.3 | 29.7 Chipman, Massachusetts__| 26.9 | 26.0 |} 27.4 
Schiweitzersea=: Sena anse QA 23h e2t 4 Perry Red, Massachusetts_|} 27.9 | 26.6 | 28.0 
Shoemaker. 2 == 28.0 | 27.9 | 28.5 Early Black, Massachu- 
Benoni. 2496" 2a ee en. 28.8 | 28.5 | 29.0 S@GiSShia St ee ed 280i | e27R6al 28 
Banlydilee= =. see 2728) || 2isOuliy 2oxo CIR Massachusetts__| 29.0 | 28.4 | 29.4 
Shaw Success, Massachu- 
Average 43 SPWi ieee 28.4 | 28.1 | 28.7 SeltisiP er a ee Tes 25.0 | 24.6 | 25.7 
Howes, Massachusetts___-_- 28.2 | 27.5 | 28.4 
Apples, fall and winter varie- Pride, Massachusetts______ 27.0 | 26.6 | 27.7 
ties, eastern-grown: Wales Henry, Massachu- 
3 2) Givysl 1 ee es eee 29.0 | 28.8} 29.4 SCLIS2 en ee eee 28.0 | 27.9 | 28.7 
IBenwD aviskeass esters sans 28.6 | 28.2 | 29.0 e “97 9. [SSS 
Deliciouss 2 ibs AL cis 28.5 | 28.2] 29.1 HNISR Somes cocceas alist | PISO) La 
Grimes Golden____________ 29.0 | 28.8 | 29.0 || Dates, American-grown 
Jonathan Sees = Perea ee ANY IONE |) ey) Barbee saan see.) bee +0.4 |—5.5 | +3.7 
RATA e Ol ween nee eee 98) 5.1 9854 | 2855 DesletANGorss === ne —5.8 |-8.0| —.8 
Rambors Teas fa She 28.5 | 28.3} 28.9 Hallawy 2282s) ta ee —7.5 |—13.8) —3.3 
Stayman Winesap-_____-___ DR FaleossOnleesog Kihadrawit 2 322. = 23h —6.5 |—8.0 | —5.6 
Winesap= 2890) 2) i 28.2 | 27.9 | 28.7 TRHOOR Ysa eee —1.0 |—2.7 | +2.2 
Yellow Newtown__________ 28.0 | 27.8 | 28.2 ; gts Marg | Pee 
York Imperial:=_5 = 2 28535 (828.1 e 280 pavers iggy eZ 
ee Grapes, American or labrusca 
PAGO TAS Cea ead onli eae 4°) 98. 28.8 type: 
= ReceeD oe ‘Harly Concord222_ 2252 =_ 2854 29 | 2887 
Apples, fall and winter varie- ATM DTOSIa= 22s = = eee 28.2 | 27.8 | 28.6 
ties, western-grown: IDracuivAm bere aes ae 27.9 | 27.8 ART 
Delicious = hase eee 28.4 | 28.0} 28.9 Moore Barly 25-125 28 == 28.3 | 28.1) 28.6 
Ganole Se ae ee oe 28.5 | 28.3] 29.0 Captivators= 's = 222 _=— 2 Da eZ Tala |e 28a0 
Grimes Golden____________ 28.6 | 28.3] 29.0 Campbell Early___-_------ 28.0 | 27.8 | 28.0 
Jonathane: S95 essen See 98.3 | 28.0 | 28.7 IMCri cad cls: ces aes eee 2815 W28R45 | EORS 5 
Riome-Beatltys <2 s 22 1k 98.9 | 28.7} 29.4 CaCOm ee ee DAB NETO | = Sree 
Esopus Spitzenburg_______ 28.7 | 28.3] 29.0 Catawba seeenne 222 eee tee 26a ia 26924 aed far 
(Wiha ou en ee ee 98.2] 27.9 | 28.3 Concord 5as= ae eee ee PAB OR PTE GAA) SOME D 
Dela wanewes=2e eae 24.6 | 24.2] 25.4 
Average. __------- ------- 28.5 | 28.2 | 28.9 IVeTaAge se. sone s Bee Cee 27.5 | 27.2 | 27.8 
Apples, crab: Grapes, European or vinifera 
Marthase s)he, 26.7 | 26.6 | 26.8 type 
Transcendent. ts ssa aoe 97.5 | 27.2 | 28.2 Ginter (Almeria), mature, 
California ees ae PAG) | CAR |) PAT TL 
IN CTAS Cue ae ts eee ee eae 97.1 | 28.9 | 27.5 Ohanez (Almeria), mature, 
oe Dain sai teks ee ee 25.6 | 24.6 26. 7 
Blackberries: Ohanez (Almeria), imma- 
IM ATVs anvesta ae eae en 98.5 | 28.3 | 28.7 CUTE S Dale ees 26:10 |) 2521 |S 2722 
Afipbaa| Ovoy ae RA ete ss Cok aes eee 99.1 | 28.7 | 29.3 Ohanez (Almeria), mature, 
HAdOTad Obese een eee 29.2 | 28.8] 29.5 Arcen tina ame nee 22.7 | 21.9 | 24.9 
Crystal Whites 2-2 Sa2a1 98.4 | 28.1 28.6 Ohanez (Almeria), mature, 
Logan (loganberry)-_-_------ 29.5 | 29.3] 29.7 mp ice Sr ta eS 25-8 Be: i as 
; mperor, California______- . 6 sit : 
Gherrise, sour, Mature, eastern- Emperor, Argentina_ MS 23.7 | 23.0} 240 
g Eadie Richmond Sriclesrietleosts Emperor, South Africa____| 26.1 | 25.4 | 26.8 
Montmorency-__---------- 98.1 | 27.8] 28.6 yeaeee Sinks oe = ae 4 oe : on 3 
Sti Miedard hha ris gs 28.1 | 27.6 | 28.6 Oar ads ae ye ; ; 
ON Ee Blanche (Lady ote lok Be 
INCL) = eset ra Ree ee 5. u5 ; 
RV CLES One een ee DESO 27 Gol e2850 Bibi aan ao 24.8 | 23.7] 25.7 
Cherries, sweet, mature, east- Sultanina (Thompson 
ern-grown: seedless) == es a= 23.62 22. ele 24 ae 
One Vee ee 24.9| 23.9 | 25.8 Henab Turki, South Africa_| 26.1 | 25.9 | 26.5 
WMitwer Ie Bea Se Ae 24.5| 24.5 | 24.6 Rasin Blanc, South Africa_| 24.9 | 24.2] 25.8 
oe —_— Prune de Cazouls, South 
IAW.CL AC Clears ene DANAE 2AS Dn 2a 2 UNEP] Camere een eee aeene 26.4 | 25.6 | 27.2 
———— a Barlinka, South Africa____- 25.6 | 24.4 | 26.8 
Cherries, sweet, California: Waltham Cross, South Af- 
Black Tartarian, mature__.| 24.2 | 23.5 | 25.1 TC ea ee eee eee 2550) | 2052 fa Zone 
Black Tartarian, immature_| 25.8 | 25.4 | 26.6 == se 
iBine matures. s=es— ae 24.1 | 23.4 24.3 Average, mature: 
Bing, immature_____.-..._] 25.3 | 24.6 | 26.4 Californian] a= 24.8 | 24.2] 25.4 
= | Spans ee 2556) | 2456+|) 2650 
Average, mature________- 242 23.5 24.7 Argentina________- 2352) 22.45, 2454 
Average, immature______ 25; |GH|-2520) e260 SoutheAdricas=== == 2558 || 25.1 = 2620 
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TABLE 1.— Average and extreme freezing points of different varieties of certain fruits— 


Continued 
| | 
| Extremes |} Extremes 
Kind, variety, state of matu- | Aver--——j~———_|| Kind, variety, state of matu- | Aver-, 
rity, and place where grown BSOrlnenasl Nasic rity, and place where grown age | Mini-| Maxi- 
mum} mum | | Mum| mum 
Oranges: oF. | °F. | °F. || Pears—Continued. VCpR SONS Aes | a0 FP 
- Washington Navel, Cali- Winter Nelis, hard ripe .___| 27.2 | 27.1 Diese 
fornia: Winter Nelis, soft ripe__.__| 27.5 | 27.1 | 28.1 
IB esheesie se 5452 ees 28.4 | 28.3 | -28.7 ; - 
ibaXe lt Biv Se opie ee aie 21-4 |-26390n 2554-|l Average, hard ripe___-__-_. PLT \ PTS AN DEY 
Valencia, California, flesh__| 27.9 | 26.9 27.6 | Average, soft ripe___-___- Delgo 28. 2 
Pineapple, Florida, flesh___| 27.7 | 27.6 27.8 | 
Seedling, Florida, flesh ___.| 28.2 | 28.1 28.4 || Plums: 
Temple, Florida, flesh_____ 28.6 | 28.3 28. 8 | Damson, eastern-grown____| 25.9 | 25.6 26. 3 
Valencia, Florida: Burbank, California_______ 29°34[294041.6 29-8 
(Gre ee ae eee 2893 e272 9ile 28.9 Wickson, California______- DAA SA DLO al Weoley / 
Eiri Beats E28 37 REET 2AM 2659 ae 28= 1 Tragedy, California________ Pie? 26.8 | 27.4 
Red June, eastern-grown___| 28.1 | 27.8 | 28.4 
Average: Ae a= = 
Flesh a eee eee pee 28.0 27.8 98.4 AY CRAG Cre eS Saas 2 eee 28.0 | PHT 28. 3 
Rindge). 24 ano 27.4 | 26.9 | 28.2 || Raspberries: | 
| Ranere (St. Regis)_________ 30.4 | 30.1 30.5 
Peaches, hard ripe: | athomieeee tee aera see 29.8 | 29.7 | 29.8 
Belews feel. 2. Bele 29.8 | 29.5 | 30.3 Chichmits Bn 2 e 30.0 | 29.0] 30.1 
Hibernate. ter ee: eee he ey 29.7 | 29.4 30.0 IROLOMAClS kee ae ee 30.7 | 30.6 30.9 
Stevens Dua) CaP ere. SERE ee es 28.6 | 28.2 | 28.9 @olumpbian=_2 29.28 tees 28.8 | 28.2 | 28.8 
dgemont=eesets ane 29.4 | 29.3} 29.5 ie ; =| Pe 
Willink ean tie 99.6 | 29.1 | 30.0 AVC CPAg Chueeth=S eases 5 29.9 | 29.5 | 30.1 
Bilyewesis gerbe 28.9 | 28.3 | 29.0 || Strawberries: | 
Sin 0¢ksa seo e ee ss } 29.3 | 29.0] 29.6 Bisel sateueaees Sth) eee 30.0 | 29.2 | 30.0 
Salweya Smee. 29.6 | 29.1 | 29.8 JOeiCBictOe) Mes 30.0 | 29.8 | 30.0 
IF eye Rss Fk te 30.0 | 29.9 30. 2 Blakem onetss 2 22 ys eee 29.9 | 29.7 30.5 
@anniane Songer soe dS 29.6 | 29.3 | 29.9 Bran Gyiwin@es 2 etsy Rees 30.0 | 29.8 | 30.4 
@hanipionies = vere FS ZOE 28974 |e 2959 Chesaneakeh ts 2 eu 30.3 | 29.9} 30.3 
Manhyaktose sis: sa. s) 28.5 | 28.2 28.7 |) Dorsett sss gas 2 29.8 | 29.5 30.1 
divdath' 1a Giant Wier ca ae alee 29N6n| 2950 | 730! ID oO SY os ah pe Nee 29.8 | 29.2] 30.¢ 
—_—_|— —_ iEEXCelSi OTs eee eee 29.9 | 29.3 30.0 
TAN CT AGG ene arcs rade 29.4 | 29.0] 29.7 Gan iy ai te oe 8s xe ote 5s 29.2 | 28.8 | 29.5 
GlensMlanya2 ose sels 302151529555 4) 230.2 
Pears: Howard 17 (Premier) ______ 30.2 | 29.6 | 30.4 
~ Bartlett, hard ripe_________ 28555 2821 si 2Sea7: Keon ike wee eh ee 29.6 | 29.3 | 29.9 
Bartlett, soft ripe__________ PH fakes |) PA ps4 || PASAY) Kellogg (Kellogg’s Pride)__| 30.1 | 29.8 | 30.5 
Beurre Bosc, hard ripe_____ 27.8 | 26.9 | 28.7 LAR aE ee OS Ce 28.8 | 28.8 | 29.1 
Anjou hard ripe 2-2. 22): ZENO 2654 In a2 feel Redhearts seer pam seam 30.3 | 29.6 | 30.7 
JATiowSOftiEIpess==— = a PHD '\ We OLA ATE PASS) Sam pleq sweets irs oi 30.4 | 29.6 | 30.5 
Kieffer, hard ripe__________ 27.9 | 27.8 | 28.2 —— 
Kieffer, soft ripe___________ 28.1 | 27.6 | 28.8 Averagek iiio5 2 UN ie! Baek 29.9 | 29:5 | 30.1 


1 This product is liable to be injured if stored at temperatures somewhat above its actual freezing point. 
For a discussion of the proper storage temperature see the following publication: RosE, D. H., WRIGHT 
R. C., and WHITEMAN, T. M. THE COMMERCIAL STORAGE OF FRUITS, VEGETABLES, AND FLORISTS’ STOCKS. 
U.S. Dept. Agr. Cir. 278, 40 pp. 1941 revised. 
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TABLE 2.—Summary of average and exireme freezing points of fruits 


| | 
Extremes |; | Extremes 
Kind, variety, state of m aturity,! Aver-/— \Kina, variety, state of maturity, !Aver-|———~—__— 
and place where grown | age “Mini-. Maxi- | and place where grown | age |Mini- Maxi- 
|feum | mum || | mum | mum 
———— | — | —— | a j or | 
| | 
Apples: ! |° F.| °F. | °F. || Citrus—Continued. i {1d fe ZL [ed fh 
Summer varieties_......-.-| 28.4 | 28.1] 28.7 || Orangesringd: 22a aL 27.4 | 26.9 | 28.2 
Rallvanntwinter--- 2-2 28s bu | R28e2 2828 tll Tangerine, flesh____________ 29.2 | 28.8] 29.4 
Crappie. eae ees 2 Seer SO eos 21-8 Satsuma, Owari, flesh______ 2822) | $2729 28.7 
-ADLICOLS Yess Se tae eas ae ate Re 98.1 | 27.8 | 28.2 || Coconuts: 2 
A vocados,? Coliinson___..__-_--| 27.2 | 27.0 | 27.4 Miles hase: Seis Wa ete PE. 3b @ |e PEO) 
Bananas: 2 | Mie eae Ee Ee S040 aa | aoe 
Peel, immature_____ Benct | t 29.8 | 29.8 | 29.9 || Cranberries 1 2___.___-__=§__--___ Did 26a Sorel 
Rulpyaimmavure:s 2 = ae 30/2) 30516) 30.601) ‘Currantsi= = aes See ee | 30.2 | 30.2] 30.2 
Reel Mam abure es see era 29.4 | 29.1 29.5 || Figs, Mission, fresh, California_| 27.1 | 26.3 27.6 
Pulp mature: s= 522s eee 26:0) |i'25..4")\~ 26: 5) ||| "Gooseberries!! 2 eee 28.9 | 28.7 | 29.2 
Blackberries: ! Grapes: ! | 
Black warieties! 23525 Sees 28 9 | 28.6 29. 2 | AINenicanthypers=2= = saee= PAL) eo 20.8 
Mihiteaniebyceas=ss == ert m 28.4 | 28.1 | 28.6 | Europeantty pen = 124. OARS a 25.5 
Logan (loganberry) _______- 29.5°|'29..3° |" 29.7 |) Mango, Faizanson 20-22 *=_____ 29.8 | 29.7 | 30.0 
Blueberry, Rabel se 27.4 | 26.9} 27. Olives, fresh,? green____________ BSB) ARATE 7] |)" OAS). a 
Cherries: ! Fapaya___- ee | 280 te 29EOn | 30s 
Scur mature, eastern- || Peaches, hard pipels sid | 29.4 | 29.0] 29.7 
OLO Wie ae eames ee = A 28.0 | 27.7 28. 5 Pears,! ha ard ripe ah ere aoe ES Dillon bape, 28.0 
Sw eet mature, eastern- | || Pe: ars, SOlinipes-sa eee ee JAS TEN OSES 28. 2 
erown - 24.7 | 24.2 | 25.2 || Persimmon, Tanenashi_._______| 28.3 | 28.1 | 28.6 
Sweet mature, ‘California. | 24.2 SO 24.7 || Pineapples, immature______-_-_- 29° 1 | 28e7) = 29:8 
Sweet immature, Cali- || Pineapples, eating ripe_________| 29.9 | 29.6 | 30.2 
[Oya cute ae OA oe ee 25) Gp e2550R|)) ©2650) ||| Selim sea eae ee 28.0 | 27.7 28. 3 
Citrus:! | O Win Cesseae suet ee eee 28.1 | 28.0 28.4 
Grapefruitfileshs_-—- <2" || 2874-\9 2830) 820-0) *atasp berries! 5a sss ae eee 29.9 | 29.5] 30.1 
Crapefruit, rind______-___. .| 28.4 | 28.0 28: 6 ||| ‘Strawberries 225") 222 2 eee 29.9 | 29.5 | 39.1 
Kumquat__ Ped eho eres 2 | 28h 08219 e 28.18) ll ChestnutewAmeenicane eee. 20.3.) 18.5 | 21.8 
Lemon, flesh, California____| 28.1 | 27.9 | 28.5 || Chestnuts, Italy. ____________ 23.8 | 23.0 | 24.2 
Lemon, rind, California____| 28.2 | 27.9} 28.4 || Pecans, Sehley_ Be 19.6 | 1952) 19.9 
Lime, Persian___- oe ne || 295i E20 2955) 11) SVG alnuts, Persian (English). __| 20.0 | 19.0] 22.1 
Orangesfleshesasti eS ee | 28.0 | 27.8] 28.4 || Waternut, Chinese___.-_-_.-__| 26.4 | 25.4 | 27.0 


1 See table 1 for freezing points of different varieties. 
2 See footnote 1, table 1. 


CHERRIES 


Freezing-point determinations were made en three sour and two 
sweet varieties of cherries grown on the Arlington Experiment Farm 
and two varieties of sweet cherries from California. Special interest 
is attached to the freezing points of the sweet varieties (table 1). 
Determinations were made on both fully mature black fruit of the 
two California varieties and on bright- red fruit which, although im- 
mature, 1s often shipped to eastern markets. The immature bright- 
red cherries were quite sour, whereas the mature dark-red to black 
fruit was sweet and of eood eating quality. 


DATEs 


American-grown dates, including five varieties (cured), were studied. 
The low freezing points of these fruits are to be noted. In most in- 
stances these were below 0° F. 


GRAPES 


Results were obtained with 11 varieties of American grapes, labrusca 
type, and 7 varieties of Kuropean grapes, vinifera type, all American 
grown. Although the average freezing point of the American grapes 
grown at Arlington Farm or at the United States Horticultural Sta- 
tion, Beltsville, Md., was 27.5° F., it will be noted (table 1) that 
the freezing point of the Delaware variety, 24.6°, is considerably 
below that of the other varieties of both American and European 
types, due probably to the greater sugar content. In addition, there 
were studied two varieties of vinifera-type grapes grown in Argentina 
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and South Africa to compare with the same varieties grown in Cali- 
fornia, and also five other commercial varieties from South Africa. It 
will be noted that the American and South African grown Almeria 
erapes had about the same freezing point, whereas the same variety 
from Argentina froze at a temperature several degrees lower. On the 
other hand, the Emperor variety from South Africa froze at higher 
temperatures than those from either California or Argentina. The 
lowest freezing point was 22.7° in the Almeria from Argentina. 

All the vinifera grapes studied came from commercial shipments on 
the market and were all American grown and mature except where 
noted. 


ORANGES 


The average freezing points of oranges grown both in California and 
in Florida were determined; that of the flesh averaged 28.0° F., and 
that of the rind was 27.4°. 

PEACHES 


Freezing-point determinations were made on 13 varieties of peaches 
commercially grown in nearby Virginia or Maryland. Peaches in the 
hard-ripe stage were utilized for these tests. The average figure was 
29.4° FF. : 


PEARS 


Studies were made on five commercial varieties of pears, all Cali- 
fornia grown except the Kieffer variety. They were tested both in the 
hard-ripe or shipping-ripe stage of maturity and in the soft-ripe or 
eating-ripe stage. Fruit of both stages of maturity averaged 27.7° F. 


PLums 


| Freezing points were obtained for three varieties of plums grown in 
California and purchased on the market and for two varieties grown 
at Arlington Farm. The variety with the lowest freezing point is 
Damson, which froze at 25.9° F. The average of all varieties was 
yer) e 

STRAWBERRIES 


Freezing-point determinations were obtained for 16 varieties of 
strawberries grown at the Maryland Agricultural Experiment Station 
and at the United States Horticultural Station. The greatest differ- 
ence was found between Lupton, which froze at 28.8° F., and Red- 
heart, which frozé at 30.3°. The average was 29.9°. 


BLACKBERRIES, RASPBERRIES, AND CRANBERRIES 


Four varieties of blackberries, one of Logan blackberries (eastern 
erown), and five of raspberries were studied. Four of the varieties of 
cranberries frozen were grown in Wisconsin and eight in Massachusetts. 
Considerable differences were found in the freezing points of some of 
these varieties. While the McFarlin variety, for instance, froze at 
29° F., Shaw’s Success froze at 25°. 


MuiscELLANEOUS FRUITS 


A number of other fruits and berries were investigated, but only one 
variety was available in each case. ‘The results are included in table 
2, covering the average freezing points of all the fruits studied. Five 
kinds of nuts were frozen. 
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FREEZING POINTS OF VEGETABEES 


Although several different kinds of vegetables have been used in 
the freezing-point determinations, those on which the most extensive 
varietal studies have been centered are potatoes, sweetpotatoes, and 


tomatoes. 


These results are found in table 3. 
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TABLE 3.—Average and extreme freezing points of several different varieties of 
potatoes, sweetpotatoes, tomatoes, and certain other vegetables 


Kind, state of maturity, and 
variety 


Cantaloups, eating ripe: ! 
Rocky Ford; fleshe = = -__- 
Rocky rords minds. 2222. 2. 
Ripehoprtlesh=a==see seas 
AMO No oy, sebOG NL ee 

Average, flesh___.________ 

VASVCTAC OUI ie seen 


Carrots: 
Dan Verses ese eee 


HARV CTA Owicesen rena SEs 


Corn, sweet, milk stage: 
Crosby 
Country Gentleman_______ 
FRO wilinge MODS. 432-2 9-222 
Golden Bantam 


FAWViGNAS nrg ine se ne 


Lettuce: 
Mayi@Ueceneeees: == se eee 
aWidive Aun ea dane epee 
Prize Eeadt=s)2 458 34s 
TGEDOL Ras oA oe A SOE Lat 2. 


IAVCTASCL Sa eee se eee 


Onions: 
Yellow? Danversses- 2224222 
Wihiter Glob ert ase ese 
TexaswBermMuda == ses 


Peas: 
MarlyeAlaskaes 2a 
Horsford Market Garden__ 
Waxtoniane 2 2a.) sae 


Average 
Potatoes: ! 

Chippewasee2 2 ees 
ANaipbna§o) es 3a ee 
trish Cobbler === == 
Spaulding Nov 4-22 =" ==" 
Green Mountain____-___._- 
Goldi@ ones tee ee 
Rural New Yorker No. 2_- 
RUUSSCEMERVUT AL ee ee 
Uip-to-Datewe te. ee hes 
Oregon White Rose________ 
British Queens. es eis 
Garneta@ hilizess-esee ee 
ALIMEnIGANUGIANG= seme oe 
Katandin= eases aioe 


AV ETALOS esa eee ee 


Extremes 
Aver- 

age | Mini-| Maxi- 

mum} mum 
Tae | |jod ae 1 
2951 2822 29.7 
28.6 | 27.9 29.6 
290) |) 2857 29.4 
28.3 | 28.2 28. 8 
29.0 | 28.4 29.5 
28.4 | 28.0 29.2 
29.6 | 29.4 29. 7 
29.5 | 29.4 29.47 
29.6 | 29.4 29.7 
29.1 | 28.8 29.4 
29.1 | 28.6 29.4 
28.0 | 27.9 28. 2 
29.6 | 29.2 |} 29.8 
28.9 | 28.6 29.2 
30.5 | 30.4 30. 6 
Sol oles 31.8 
31.6 | 31.4 31.8 
31.2 | 30.8 31.4 
S182 F350 31.4 
30.1 | 29.6 30. 2 
30.2 | 29.7 30.4 
30.0 | 29.7 30.1 
28.9 | 28.3 29.2 
30.9 | 30.7 31.0 
30.26) 302015 380.6 
30.0 | 29.7 30. 2 
28.6 | 28.3 | 28.9 
29.2 | 29.0] 29.3 
29. File 2916) 2290 
29.3 | 29.2 | 29.3 
28.5 | 28.4 28. 5 
28.6 | 28.4 28.7 
28.7 | 28.5 | 28.7 
28.3 | 28.3] 28.5 
29.1 | 29.1 29.1 
28.7 | 28.6 28.8 
29.3 | 29.2 29.3 
28.2 | 28.0 28.3 
29.6 | 29.5 29.7 
29.2 | 29.0] 29.6 
28.9 | 28.8 29.0 


Kind, state of maturity, and |Aver- 


variety 


Sweetpotatoes: ! 
IBIS TS tenes se ee lee 
Dooley ss TEs ees 


UTD ke] 1 ee er 


IRCCUIerSeya wes es see ea eee 
Southern Queen_-_________- 
AD RRTIN ON see ee 
ViellOws Jerseys ne 
Yellow Strasburg__________ 


INViOTALT OS Site ae pee eA 


Tomatoes, ripe: ! 
BONN ye eCSheeen sa ae 
IDENT oe es 


Stone 


Delaware Beauty_________- 
Livingston Globe__________ 
Maro OD Cx eee) eee 
Livingston Acme_-_-_______- 
Greenhouse varieties: 
Carter Sunrise_____ 
Stirling Castle_____ 


Average... 252 


Tomatoes, green: ! 
Bonn ye CStae oe e 
Harlianat ee ees Soe 


MEd es ee ee 
Greenhouse varieties: 

Carter Sunrise____- 

Stirling Castle____-_ 


Average_____._-- 


Watermelons: ! 
Dixie Belle, flesh___________ 
Dixie Belle, rind___________ 
Trish Grey, flesh___________ 
[rishvGrey, rind 2-2 22=s 


Average, flesh____________ 
Aweracesrnin des se. =. es 


age 


WWWWWwWW 


SS SSSSSS 
mow Ore oD o1hd od 


wo 


wo 
S 
i 


Extremes 


Mini-) Maxi- 
mum | mum 


ne Wb aaiae 

20.0 | 2820 
Qe Oi 28-9 
28.2 | 28.6 
28.3 | 29.0 
27.5 | 28.3 
27.5 | 27.9 
28.0 | 28.7 
27.9 | 28:7 
28.7} 29.1 
28.3 | 28.6 
28.0 | 28.6 
28.3 | 28.8 
28.2 | 28.8 
28.3 | 28.7 
28.5 | 28.8 
28.3 | 29.0 
28.3 | 29.0 
28.1 | 28.7 
30.5 | 30.7 
30.4 | 30.8 
30.2 | 30.9 
30.3 | 30.7 
29.9 | 30.4 
29.9 | 30.5 
30.5 | 30.6 
Z2ON6UIE 23054 
30.1 | 30.6 
30.2 | 30.8 
30.3 | 30.8 
29.9 | 30.3 
30.3 | 30.9 
30.7 | 30.8 
30.4 | 30.7 
30.1 | 30.8 
30.4 | 30.6 
30.2 | 30.7 
30.4 | 30.8 
29.8 | 30.6 
30.5 | 30.6 
30.3 | 30.7 
30.1 | 30.4 
30.5 | 30.8 
30.2 | 30.6 
29.9} 30:1 
30.2 | 30.6 
285 9F te 291 
28.6 | 28.9 
29.0 | 29:8 
28.5 | 29.1 
28.9 | 29.4 
28.5} 29.0 


! This product is liable to be injured if stored at temperatures somewhat above its actual freezing point. 
For a discussion of the proper storage temperature see publication cited in footnote to table 1. 
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PoTATOES 


Freezing-point determinations were made on 14 different commer- 
cial varieties of potatoes, and these averaged 28.9° F. 


SWEETPOTATOES 


The results of freezing 17 more or less common varieties of sweet- 
potatoes are presented in table 3. The variety with the lowest 
freezing point was Mullihan, one of the less known varieties, which 
froze at 27.6° F. The highest freezing points were found with Pump- 
kin and Yellow Jersey varieties, both of which froze at 29.0°. 


TOMATOES 


The freezing-point temperatures of 17 commercially grown varieties 
of tomatoes are presented in table 3. These tomatoes were all grown 
under the same conditions at Arlington Farm. Determinations were 

made on both field-ripened and mature-green tomatoes such as are 
usually shipped to distant markets. The lowest freezing pvint 
(29.8° F.) of ripe tomatoes was found in the New Glory variety. The 
Marglobe and Livingston Acme varieties both froze at 30.7°, the 
highest freezing point in any of the varieties studied. There was no 
difference in the average freezing points of ripe and mature-green 
tomatoes. 


SWEET CorRN 


Four varieties of sweet corn were studied, all in the milk stage. 
The freezing point varied considerably with the age of the product, 
and there was also considerable variation among varieties (table 3). 


MiscELLANEOUS VEGETABLES 


The freezing points of three varieties of onions, four of lettuce, two 
of carrots, two of cantaloups, two of watermelons, and three of peas 
are also given in table 3. The freezing points of several other kinds of 
vegetables where only one variety of each was studied are given in 
table 4, together with ‘the average freezing point of all of the vegetables 
listed by varieties in table 2 
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TABLE 4.—Summary of average and extreme freezing points of different vegetables 


Extremes / Extremes 
Kind and variety er Kind and variety Aver- 
8€ | Mini-| Maxi- age | Mini-! Maxi- 
mum | mum mum} mum 
Artichoke: ad TN Wed 2 ne by TM POST ne | ya 
Globes ase a ee 29.1 | 29.1 29.1 || Mushroom, cultivated_________ 30.2 | 29.9 30. 4 
Jerusalem “se os 12e Bie ee oes DF NDT 2 VP DEON | ORE IOS eo ee hee Pe ere ees 305h-| 130201 3052 
IA SPATACUS he UR eee eS 29-851 2924 00 SOlEE Omons tint 22k eee 30.0 | 29.7 | 30.1 
Beans: @HiOnS; SEONG ae ee 3051 (22957 | 30:3 
Snap of sreen! {22 ey 29.7 | 29.6 30.1 || Onion sets, Yellow Strasburg__| 29.5 | 29.0 29.9 
Snape DOGdSess es cae 3052))).29.9) |... 30: 451) Parsnip sce ies me eee 28.9 | 28.4 | 29.3 
Bima. eee eee ae ee 30.1 | 29.8 30234)" Peas toreenwhese- te So ae 30.0 | 29.7 30. 2 
ima. pods: 4332 2 es 30.8 | 30.7 SOG AR eas) POdSie sss ee eee 30.0 | 29.9 | 30.4 
BY 51 Pa ey I hea elena 1 a ee 26.9 | 26.7 G22, WP SPeEDPers, SECON = ate oa et 30:1 | 29:9") “30:3 
IBROCCOnWitah ane 2. se a eee BRONZER aida Al el OG COCS oe eee ee eee 28.9 | 28.8 | 29.0 
Cabbage (early), Jersey Wake Pumpkin, Connecticut Pie 2___| 30.1 | 30.0 | 30.3 
fel AIS a ee SI S27 Sie 31.3 || Radish, French Breakfast______ 20S 226: Oi 2G 
Carrots ! 29.6 | 29.4 2OS FER DUD aR DS eel aula teen ae 28.4 | 27.5 29.3 
Cauliflower 30.1 | 29.9 302) PROMS INGRS Sere oe 30.5 ;.30.1 30.8 
CWeleryas amet ae 29.7 | 29.7 | 30.0 || Rutabaga, American Purple 
Chayote 30.0 | 29.7 30. 4 sl Io | Dh he ae eee SG ee age 29.5 | 28.4 | 29.9 
@hicory. curled 42th sae sere SOE roOC OM aha Onl Sols ihe me eee ee pen ee Recs srpearal ae 28.4 | 28.1 | 28.7 
Corn, sweet, milk stage________ ZSAOa 2826) 29o 2a eS PIN ACH aes ee See ene en 30.3 | 30.2} 30.5 
Cugumbert22ss eee eee 30.5 | 30.3 | 30.6 || Squash: 2 
Dandelion greens______________ 29.8 | 29.5 | 30.1 Summer (cymling)_________ 29: 3 || 29.1 |) 29.6 
Ice plan fi2seei bere es Bea 30.4 | 30.2 | 30.7 Winter, Hubbard__________ 29.3 | 28.9 | 29.5 
Bnndivecurleds ss es 30.9 | 30.5 31.3 Italian, Cocazelle__________ 30.9 | 30.5 STiet 
Endive, Belgian, imported____-_ S017 || 055 le SOLOst se Sucarni beeen oe eee 28.5 | 28.1 | 29.2 
Escarole, broad-leaved endive__| 30.5 | 30.0 | 30.7 || Sugarcane: 
Fennel, Florence.._..__+--____- 2920) | 2825 2976 eb apeu eet Reed ek Se 27.8 | 27.8 | 27.9 
Garhc sare serra ee eee 25.4 | 24.6 2OLE IMEIG GICR eo 82 are ee 26.6 | 26.3 D7 
IEFOFSCEA CHS be tee ames re ee 26.4 | 25 2 27.6 Base eee So eee 26.5 | 26.0 Pind! 
Kohlrabiters src S15 ee ae 30.0 | 29.7 30.2 || Sweetpotatoes12__. _______ 28.5 | 28.1 28.7 
Week rsaie Sie sctesk eae een oes 29) 21-2825 29'S: Nomatoes® EIpe bh ssce oe ee ee 30.4 | 30.2 30. 7 
Te etGiCey ene. seer er aes ne SIZ 3t0 31.4 || Tomatoes, mature-green !23___| 30.4 | 30.2 30.6 
Muskmelons, eating ripe: ! 2 Turnips, Purple Top White 
Cantaloup; feshi.0 22s 29.0 | 28.4 | 29.5 35) (0) oY eve eee en ee eee eee 30254 S05 2alaeo bet 
Gantaloup hind]: 22. 28.4 | 28.0 | 29.8 || Watermelon, flesh_____________ 29.2 | 28.9 | 29.4 
Honey Dew, flesh_.______ -_- 2920:| 2857 || -29°3.|| Watermeloni rind: =... == 28.8 | 28.5 | 29.0 
Honey Dew, rind___________| 28.8 | 28.3 | 29.8 


1 See table 3 for freezing points of different varieties. 
2 See footnote 1, table 1. 
3 This same group of varieties when vine ripened averaged 30.5° F. 


FREEZING POINTS OF FLORISTS’ STOCKS ® 


The freezing points of cut flowers, plants, bulbs, corms, and tubers 
that are commonly held in cold storage or shipped in quantities were 
similarly determined. The determinations made for 21 kinds of cut 
flowers, 8 of bulbs, corms, and tubers, and 23 of plants are presented 
in table 5. The freezing points of cut flowers were determined on 
petals alone and of plants on leaves alone. The freezing points of the 
petals of cut flowers varied from 26.6° F. in delphinium to 30.8° in 
the orchid and hemerccallis. The leaves of rose, columbine, iris, 
hemerocallis, and peony plants froze at lower temperatures than petals 
borne on the same stems, whereas leaves of Easter lilies and del- 
phiniums froze at a higher temperature than the petals. The fronds 
of dagger ferns, which are commonly shipped in large quantities and 
stored during the winter, froze at the relatively low temperature of 
23.6°. Holly leaves such as are used in large quantities in sprays or 
wreaths for Christmas decoration froze at 26.3°. The foliage of 
neither holly nor dagger fern was apparently injured by freezing, as is 
~ 6 In connection with the storage of cut flowers and foliage, attention is called to the fact that in many 


instances these are harmed by gases given off by ripening fruit. It is usually inadvisable to store these 
products in the same room or near rooms where fruit is stored. 
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often the case with less hardy plant material. Asparagus plumosus 
fohage, which is shipped in considerable quantities, also froze at a 
relatively low temperature, 24.2°. The leaves of sanseviecria plants, 
which are frequently shipped i in large quantities for potting as orna- 
mentals, froze at the relatively high temperature of 31.0°. Among the 
bulbs studied, tulips froze at 25.4°, and Paper White narcissus froze 
at close to 29°. 


TABLE 5.— Average freezing point of certain cut flowers, bulbs, corms, tubers, and 


plants 
Extremes Extremes 
Ay- eee Av- |_. Nene 
Kinds er- Kinds er- 

age | Min-| Max- age | Min-| Max- 
imum) imum imum imum 
Cut flowers (petals): bay ahead iPass eg athe of Bulbs, corms, and tubers—Cont.| ° F. | ° F. | ° F. 

FAUT CTINO TC Bees era eens eee 28.1 | 28.0 28. 2 Narcissus, Paper White: 
Carnationeee ese eee 28.4 | 27.9 28. 7 Dormanteaee ese a 28.9 | 28.2 29.3 
Chrysanthemum. ________- 28.4 | 28.0 28. 7 SPROUELM Cee ae ees eee ts 29.4 | 29.1 29.9 
Columpine lees ss ee Sil | Sena ee. ae Narcissus, Sir Watkin____- 2681 p2OnS e205 
Daisye shastadet— =sseses: 20% 3 | ened | Seats ARMY Doss he cele Se ee 25.4 | 24.9] 25.4 

Delphinivumlss wes 26416 |= el | eee Plants (foliage): 
Carden dees amen eae 28531) 28.3 28.3 PATI ETAT Sele ee SIRO) aes ee 
GACT OUTS Bee eee Met \haPowall 28.7 Asparagus plumosus.-____-- HN FW OB ye) 24.8 
Heath (heather)_________-_- Q8ah 28a 285.0 IASPUGIS Ghat eee yee AAG fee eer ois teal Paes 
Ekemer.ocallisii ene aa SONS aoe ee ln Caladium, fancy leaved 1__| 30.6 |__._-_]_____- 
lelyayohayi ds Seas 2 eee RTE N Ds) PSG) Carma tione toes enn ecmE sete. QIAN QUA a Dt. 
Eris;Qapanese) tas 2 = S10) lay een ene ee Chrysanthemum. ________- 296) |) 2857 ik, 230: 5 
Joni JORGE Oe Se ee 27.5 es Dey (OSE BRS | Columipinela as tee le | ae aeeeeaeg | 
Narcissus, Sir Watkins____| 30.1 | 30.0 30. 9 Daisven Shasta so sane.us SOF OMe sea Se. 
Orekidy (Cattleya) 2s 30.8 | 30.1 31.1 Delp himiumlss vee seee PAS seh hy ce 
COM saeren eat =e een etn nans oem 29.0 ea (ea Rate Dracaena) ees See ee ee 285 (| eran | eee oe 
ROUNSS tae ee eee ee 29.2 | 29.0 | 29.5 Fern, Oregon Dagger_-_-___- 23565192320) |=) 2386 
Ranumculuses jesse ee D826) 2802) 2889 Gladiolusiae sguee wunite 26.8 | 26.8 | 26.8 
Rosey hybrid teas == 22 = 3080 See | eee Eliemerocallig ts 12 ests 302071; '3050. | 3050 
STRUT) Sea ee DBs Oele2 ent 28.2 } Holly, eastern grown______ 26.3 | 23.9 27.0 
Waolein(Sweet) eee aes 28.5 | 28.2 | 28.8 Imis Wapanese es La AS | eee eae 
Bulbs, corms, and tubers: IGM Ay ISR eee ee oe 298215 | ee aee ee ne 
dD Yel tits ig ese = ae ee ee 28535|. 28505) 287 Rendantish es nosoees olen 3 (4a | eee sete eae 
GlaGiolusBase ee ae 2658) |) 2655 |" 27/0 J EXEXON TN fe teem pa ee ee 285 ATs ann ee see 
ISAVAOLA AN Sas ea ee 287A 28) be 2982 Roses hybrid! teas 222) == Oye aay || aes oul eee 
rly all ae eee ees OH st NPAT lata lt Alef Rubber, variegated 1_______ 3 () Sig | Peete | ae 
linda IRC NN Ql 527.0 27.8 Sansevieria lawrentia_______- 31.0 | 31.0 31.0 
AVA CART ay Oe) een sere 285 0% |e eens 
Wi oleti (Sweet) nessa = WoC nee | ee 
1 Data furnished by T. M. Whiteman. 


Freezing or freezing injury does not always occur when fruit or 
vegetable products are exposed to temperatures at or below their 
actual freezing points. Under certain conditions many of these prod- 
ucts can be undercooled; that is, cooled to a point below the true 
freezing temperature of each and again warmed up without freezing 
and without apparent injury. Certain products under certain condi- 
tions may be actually frozen and afterwards thawed out without 
apparent injury, while, on the other hand, some products are injured 
by chilling if stored at temperatures well above their actual freezing 
points. Kvidence seems to show that different individuals of the same 
variety and strain when grown under different conditions will have 
somewhat different freezing points, and that there are also some vari- 
ations in the freezing points of products of the same variety and from 
the same lot. Sometimes this is due to different degrees of maturity. 
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In view of these facts, the freezing points given in this circular should 
be considered only as danger points at or near which, either above or 
below, there is a possibility of freezing injury if exposed for a sufficient 
length of time. 

The freezing points of 34 commercial kinds of fruits, 46 kinds of 
vegetables, 5 of nuts, 21 of cut flowers, 8 of bulbs, corms, or tubers, 
and 23 of plants or florists’ greens are given. Additional data are 
also given for.a number of different varieties of these kinds. 
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